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(54) CURRENT MIRROR CIRCUIT AND CURRENT SENSOR AND SWITCHING CIRCUIT AND 
SWITCHING DEVICE EQUIPPED WITH THEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a current sensor 
with high current detecting precision which can be loaded 
on a switching device capable of a quick response at the 
time of the generation of incomplete short-circuit. 
SOLUTION: This current sensor is provided with a first 
semiconductor element Q93 having first and second main 
electrodes and a control electrode, a second semiconductor 
element Q94 having a first main electrode and a control 
electrode connected with the first main electrode and 
control electrode of the first semiconductor element Q93 
and a second main electrode, a comparator CMP401 whose 
first input terminal is connected with the second main 
electrode of the first semiconductor element Q93, and 
whose second input terminal is connected with the second 
main electrode of the second semiconductor element Q94, 
and a third semiconductor element Q95 whose first main 
electrode is connected with the second input terminal of 
the comparator CMP401, whose control electrode is 
connected with the output terminal of the comparator 

CMP401, and whose second main electrode is connected with a reference resistance Rr2. Then, 
currents flowing through the first semiconductor element Q93 can be detected by detecting 
currents flowing through the reference resistance Rr2. 
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OiHtlWffiH r 2*S«LfcS3©¥S»tt*f 

«fc 5 ttHJ* *«SK-b ytf-p&S. 
[o o 3 l ] 0 1 fcfc^m S i RtfS 2 ©¥«<*« 

?Q9 3. 9 4fcLTn^+*;l/MOSFET£ffl^T 
1^4. Sfc, S3©¥«<*fg?Q9 5fcLTpnp§!B 
JTfcffl^T^So il©fl3©¥i&fl*FQ9 5©^- 
X-x5 7^F^fC{ififitR4 1 2A««Stlx S3©¥ 

mm^Q9 5<D^-*timmcM? 4 o i©m*« 

LT, S3©^«t<*^? (pn pSB J T) Q9 5«, 

[0 0 3 2] Sl ©¥Wtt*f Q9 3i:l/T©n? + * 
M40 S F E Ttt, 0>J*tf, im®<D3.-v Y-bb (# 

-T/WX%Sffl-T5i:t^RlHgT$5„ ?LT, S2 
©^WftfSl^Q 9 4 t LT© n ^ t *M40 S F E T fc 

§ §o S 2 ©¥«<*«? Q 9 4 ©ttfitgttf S 1 ©¥« 
ttft?Q9 3©ttffig«cfc9M^<&S<fc5f;:, 

«:«BLT, »8Ut*ft»WifJ:v\ «*tf % S2©^ 
«M**^ Q 9 4 ©a- <v h-fed/ft 1 ICWLT, S 1 ©^ 
»**?Q9 4©a-y h-fe;WS%i 00 0t^5J;^ 
K.mm%Z.tKS.*). S2©^»^?Q9 4 tSl 
©¥S|(«jS?Q9 3©f-t*;WiW©lt*l : 100 0 

[0 0 3 3] *I§B^©S 1 ©HftOJBffiKftSWJlt-fey 

So *LT, ttK3§CMP 4 0 1 ?•© "+" fccfcO* 

ttm^tttja ( "h" w\>) t%>). -^Lttt^t 
zicm® ( "l" u^;u) tftsi^aft^ta. w 

*tf» /-FN 1 ©*ffi*V-FN2©*ffiJ:»)5*<fc 

ntf, tt^tgcMP 4 o i tt "l" 

tb©i§CMP4 0 l©tBt)^ "L" p 
npSBJT (S3©^*{*^) Q9 5©^-X«& 
^T^5©T\ pnpSBJT (S3©^»ft^?) Q 
9 5tt«fc?)«8iifi**t<tS*i|qlK:*5. -TSiS^ 
jgffiR r 2©ffi4S©SttP$T^Ji^t5©T', /-FN 
2©fllffi*^<ftS. BP^, /— FN 1 ^ /— FN 2© 
■ttfcff»l,<ft4*T, Jrt^glCMP 4 0 1 ti "L" 
Wl/Z&ilti. C<0£olcLT, Sl©^«<*^7 
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Q9 3©SW2©±*S©/-KN lKfcttStt&fc, $ 
2©*ft»fl*?Q9 4©S£2©±»I©/-KN 2Kfe 

SWfc* b> F 5 LTl)ft£tf3 C tmm 

[0034] &&, @ i fcfc^-m, 1 1 Rtfss 2 ©¥ 

*{HC?£lTMOSFET£Ma;Lfctf. C©{fefC, 

MO S S I T-^S^OMO Slalf^'fX v 

I G B Tt»3Weffll«JieT«*. 0 I Kfc^Ttt, nf-ir 

XBflftfcffifc-rfttf, npngBJ TTfc&V\, 
COttfc, FET, S I T^a^OMOSa^Sr^'T 
X, SSKttI GBTlftflil 3 ©¥«{*!? tLT&ffl 

[0 0 3 5] (S2©*«OJB»: X-Tvf-V^r/W 

«y ^> y • r-'WXti, 0 2 tc^t «fc ^ fc, 
±f^W^ (/^-f;WX) t&5ff?i©¥«f*iisT 20 
QA£C©±r>W* (Si ©¥»«*?) QAWSS 

±mm<tLrz*mmm®i&-?3bZo mw.tLx^y 

5 7 #7Xx#*«>$©»*tt^^lltel«« 

[00 3 63 If, e©^7-I C«, Htf]1tEVB* 30 
3«Bl 0 1 tmi 0 2 fc©IB£Stt2ftT» 
fft*. H2£*V*Ttt, /V7-I CWir'VX 

fc¥gftX^7^>7*lt?QAi:Lm W*tf, 01 
v/I/F E TQ F*ffl^ntf ±^ (WTO 
*»WI©S2<0^tt<DJB!Ucfel^Tti. tf-v;l/FET 

T-tsjoic *>/*7@a«»s]g& mmm$ 

IS) *AfflfcJ|*tt, l^NHMBa&aTli&K 40 

(3M ©¥»«*?) QAJi, 
ii, S82©±««RtflM»t«i:**-r5. c©Hi 
©¥«(**?£ LTtt, flRff, DMOSIS, VMO 
S$i§, sgWiUMOSjgjgC^-MOSFET^C 
tl5>ig|{«&1iiI©M0S S I TffttflfsrHTfc*. S 
fc, E S T^MC T^F©MO SSnSf'HW I G B 

Jg^SF ET, }g£lS I T^S I-*M'J**3Ffc£ffl 
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-fx) £LT©¥W{*X^7^y^TQAttn^* 
/l/STfepf-+*;US!TfcA^to*l/^ EPS, #5W© 

as 2 ©nai©»fliK«5«j!iaiBiaji»r«ffiftf tx-r 7 

[0 0 3 7] H2fC*5^Ttt, M-¥JM$StR±fc*/ 
fc*1-*$K:, *£ffi©£2©!gffi©jgflgfcft*«ffi& 

±T'U* (g 1 ©¥«&ht) q a tmmmnrz 
%\qw$t/wz (Mzo^mwm?) t LT©F E 

TQBfc, %2<D&$t>UZ (H3©^(*«T) 
LT©F E TQC ±fWXQA©±ttra«Ei: 
S¥r/ W X Q B ©±»ifa«E t *Jt«* 5 Jt«#S 
(CMP 1) t, d©Jt«?g (CMP 1) ©tJl7J{Cf5 
CT, ±T'WXQARtfSlpT>^XQB©fWWni 
ti&J»ltE*«t&1-5iH»*Effil&¥a 1 1 1 fc*'>fc 
<fcfcJMil/TV5. £CT\ 81 1751113 ©¥«{*£ 
TQA. QB, QCtt, S-ftehSH&tfi^iWIfr 

eftaisaafc^neftHfrfcm-rs. mar, ± 

r'WX (|gl©¥*fl*?) QA©3!lRtf!g2 5E* 

Sit. *tieh±fvwx*ii$-ri>^7-fvux© 

SffllAj tit. I GBTK43^Tx5y^a«X(43l/ 
^ 2|g$©l,vf ftfr-Tj, ^7-MO S F E T^7- 
MO S S I T§© I G F E T (^7- I G F E T) iCtS 

^T«v-xfii«xi4FH'yffi«©^-fn^-**« 

«tSo r82±S«{B«J fcH:. IGBTjCfct^Ttt 
±BBS 1 ±tt®nl^ t it 4 & 4 ^x 5 «y * ||«Xtt 3 U 
^^^©^•fn^-73, ^7- I G F E TKfe^Ttt 

>«*©^-f n^-3?*«i»-r*. tftt)*, sb i ±i 
if, H2±«h^«f^>^ts5o sfc. ria 

ffllHJ tit I G B TStf/<7- I G F E T©y- Fft 
4«»t«E1ttt*W1-5ffi 2 RtfS 3 ©^*{**TQ 

b, QCKoi>Tt>. nmc r±n«u si>* rsjant 
[0038] if^wx as i <omm?) t LT© 

■9"-v;l/F ETQAli, fct^tf, 0lOt^1"<ta4 
/^7-r/WT. (±FET) QM, CO/W-f/WX 
QM©*©y-Mc8ttLfcJgj5iRG, SJS-by-9"l 2 
l, Sfi-tr>+H 2 lfcy-h«r«»LfcF ETQ5 
l, iI©FETQ5 l ©ffi^Wcg^n/c7 7f-[H?S 
l 2 2 *s J: tf 7 y f-lslB l 2 2 ©W^ffllc b *88K 
L/cJi»«ffl F E T Q S Zmbt:&&fr tl 
T^4. iBKliSRiffl F E T Q S ©HJ*ffllK^7— f 
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ETQAO±F ETQMte, 0J*J£, ISftflOaiy h 

&0;<7-r'WX$8ffi'ttltfJ:b\i *l/C, CO* 
— F E T Q A ©± F E T (/<7-f;^X) QMtC 
ttWW*«ti*J:aK, »2fttfIg3©Wt*?Q 

B, QCA^. -9— ^l/FETQAKBHS-raffiltEB 
SftT^*. C©*2Rlflg30iHWt*?QB, QC 
Ktt, iSfi-fcy*, 7-y^@»fe5VSi3SJgaifrfflFE 
TQ SI¥OS*r'W^*l}!aaBft5fc«>0@B{ii£S 10 
iT'tifc^. £2Rtf8I3©i|i»fl*FQB, QCtf, 
±r/^7 (±FET) QMi:|S)-7P-fe7T\ K&<4 
WcSBlSnTi/^©-?, iSS F'J 7 h-^o 7 MSEPF 

(BUM) T**. S2RtfSi3©¥S|ft:*?QB, QC 

C, 32fttf830¥«Mt*FQB. QCfcflltftSB 
W«80a-vh-fe*R*H«L-tVSo ^2 
RtfS3©iHlfl*FQB. QCOa-yh-fc/Uftlfc 
ttLT, ±t'W* (±FET) QMOa-yh-tuMK 20 
fci 00 0fc*S«fc5t«UStSc:i:fc«k0, H2&0* 
jB30¥*ttJR?QB. QCi3Sl©¥8fl*fQM© 
f-+*;HIWOJt* 1 : 1 OOOtLTt^o ttc, iS 
£-tV*l 2 H4, S2RtfS3©*ilW*:SS?QB 1 Q 

CRO'35 i o¥t9{*£?QMO±$«$2nfc«fa*6 

FtfKWMElc J; fig-te 
y*l 2 1 *M7-f/WXQMOft^l/tM« 
OffifiKliSHtLTVSo ^7-r/W7QMOiSfijb< 
IfftSKonTiftK-bV*! 2 lOiEfilqJ'J-?!^ 30 
iWi*U JttSffl«W»«Stlfc^-r*- foss*©* 
E»TKJ:!K F E TQ 5 1 (Dtf—hWfoft "L" 
/l/fcStiaitMfTTFtfSfc, FETQ5 ltf*7ttfg 
*^*7«»tC»»-r5. FETQ54© 
f- Y Iffitf *- v;U F E T Q A © Y- h HIM? G © 
lfiit7;V7>y7$n, F E TQ 6 5tf*7#Sfre>* 

yym^w&Lz, 7 7«i 2 2 tc •■ i" ji5»f 

ft "H" U^l/tftt>Tjajga8WfflFETQS!b^7tt 
^e^^WcS^tSOT*, ^y-fWXQM© 40 
loy-HGO«fi[U^;W "L" U^bt&oT, 
/*7-r/WXQMtf*Vtf!£fr6*7tt!££S8L 

r, afHffiBhsnscfctfcs. 

[0 0 3 9] *^0^20Hj5gO^K^5HaigSl 
!M$fi£tt$7^7^77"- r;WXIi, iOJIttW 
0 2 fc*r ,);?{«:, gS2Rt/g3©WM??Q 
B, QC, SffiR 1 , R 2. R 5, R 3 3 1 , 7x*- 
*V KZD1, £V KD 1 , Jtf$3MS£ LTO 
J±$g§CMP 1 , MMEWIB^S^ LTOigWmSS 1 
1 l , &l©¥i3<*i?QA©$2©±HS (7-71 50 
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fig) EUl U ^30¥#ftH?QC 

©HS2©±«I (7-Xlfii) fC»2 0A*ep%»« 
LfcJtRSCMP 4 0 1 fc*, if'WX (18 1 ©¥* 
fl*F) QAt«{CH-Ni»#Sffi 7) 1 

1 0±fc ; E7'J*>y7fcjS«LTI^5o H2Kfe^T» 
7xt-^t-KZD H4*-v>l/FETQA©Y- 
HS?GfcV-X«?SIH*l ZVtSoT, 

/WXQMOXoy- h t GfcBlEtf 9MinSia«k -5 i: 

L/cit^tcn^w^x^^sts^ttSo ®c* 

mttfy-fi 10Ofl8fc«, tt&f§CMP4 0 lOfg 

2©A*«?ta i oittfii, itmmnmicm 
mm, %2<D$.n®izmmR r 2*s«Lfcai4o 

mWm^Q 9 5 RlfSRR 1 0 7 ?• S W 1 * 
lATI^S. C©g5 4©¥*ft?!l?Q9 5©^-7 • X 
5v*BICttSfilR4 1 2*««StU ^40^**H 
?Q9 5O^-7ttt©ggCMP4 0 l©ttMS?t© 
IHfcS8iR4 1 2«SnT^5o COcfc^tLT, 
$4 0¥Wf*S? (pnplB.1 T) Q9 514, ^fSfQ 

[00 4 0] *LT, CO*5S«J©£2©£«©je«lC 

tt, a-1fH^7.^7^SWl^t>?-ii-5Ctt<fcD 

[0041] mwzm^fSLt L-c(ommm 1 1 1 
ictt» nu^^ii^«fiivp(cjg^n^7-7h7> 

•>*X * Q 5 t , X 5 y ( G N D) (Ctnt 

7^ 7 f- S W 1 0*>/*7«ft^K«J: 5«»Af #K 
S -3 * , 7 - 7 h 7 > >* 7 2 Q 5 13 «fc a" i/ > 7 h 5 > i>* 
7^Q6^r^7 • ^7»LT, if>WX v;I/ 
FET) QA&tfSJtlr/WXQBOllPjfflMlffitcne 
*BftW»t*ffl^%tfl*1"6« H2fcjjVTB J TOf^ 
t>0tMOSFETTBI()@ttl l l^«fi!cbTt^ 
l/\ W^tf, CMOST*, KKHHEft 1 1 1£$J£T5C 
tt>RjtlT'$^o MOSFETT'lKBiHlKl 1 1 ^flllS 
tnff, ®*%M0SFETOiBi7D-b7T**^O 

^2o*siso)B«t^5^7-i c {wmmmm. 

t%Z> 0 B J T?B»I@»1 i i%««tntf, 

B I MO S^ji7D-tXT-*5§H^0S2 0m0Jf» 
«5^7- I CfcSBfrTSC fctfT?**. liBlOl© 
ttS^lttEVBW, (5ljK.(f 1 2VT', f-^-i/*Jt?y70tti 
^«EVP(i, ffj*tfVB+l OVT'fe^o 
[0 0 4 2] ±f;KX 1 O^Wf*^) Q AOlg 
1 ±W.m ( F W >«fis) t £ 2 Rtf S 3 0^»ft^^ 
QB, QC©SliM(KWyli) fctt5^lc« 

fl*?QBO$2±*ffi (7-7381) tca^SPSfitt 
LT^ 1 Ol^SJnR r 1 *««StU ^3 0^«ft^ 

?Qc©H2±mgi (7-7«fii) wmsumtLT 
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3S2 0»«&siR r zmmnx^Zo an mm 

ffiR r l&tfS2 0S*fitfiiR r 2 ©S-ft^tlWgfiffl 
tt> !l2&tfJfI3©¥jfftf!i7QB, QCi:±r/W7. 
(H 1 ©#a§{*^?) QMOf-lr^WiWOJttCUT 

3©¥»fl*?QB. QCt±f/WX (±FET) Q 
M©f + *;HBW©]t£l : 1 OOO^Lma, ft 

Mi o 2 ©gfitfii© 1 / 1 oooont^siatciSS 

l/C4Wtfit\ C©lfn©SWiRr l&tfgS2© 
S9ttffiR r 2<Di8^C<kO, If-T^FETQAtl 10 

«Mtt0ftffi«SitfflEtifc * E i; K U"f y - y-x 

BWEVb *82RtfS3©¥#ft*?QB, QCfCfg 
[ 0 0 4 3 ] ±t; W X -(g 1 ©¥*{**?) Q A ©8 

lilffi (FWVIB t^2±«ffi (V-Xl®) 
HtttfiSiR l t&$KR 2 ^©ilfllalBtfS^SftTV 
* 0 H2fc**tfc«8CMP 1<D "+" X*«^KI4, 
U--Yrt/FETQA©±«fflHNtE (KWVD-V- 
*SHME) V* *&fiiR 1 t&faR 2£VftEtfcn 
EEWfflStR5*^LTWfttftT^*. Sfc, JttMSC 20 
MP 1 © "-" A;0*?fc:U\ FET (82©¥®ttfl 
?) QB©y-X«EVStf«*&S*lT<^5. OtD, 

cne> "+" fccko" "-" £0ffiA«?t«^n^i 

ffitfHH?-aUt**fctftfjl4;fjJ» ( "H" t 
%K>. -RLK^tZlcm ( "L" U"W) 

[0044] H7«, *%m<D%2<Dnmmwnc&% 

/^X (%\<Dmm?) QAt»SLfc. ttfeWft 30 

H«ilEl?§0T*$§o if;Wx (81 1 ©#j»ft*7) t 

c« , y-F • FwyBSic. stfFwy • y- 

F E T Q A ©tgffi|I]S§£{£ffi L/cif *S 1 0 1 

jipsftflr i o 2 mntimffl&a.* m i J; & 

BKfc LTg^n^o 1 0 2£tt*fi«|&llK©E 

Htf y?t*v7> L o traffic R 0 fc££tf 0 

[0 0 4 5] B6£H\ C©«i;9*S^«*&iSSS©-aP*40 
VTo - 1 . 6 = AV« GAPXC» / 
EP^> A Vm GAPti (VTa - 1 . 6 V) Ktfcffllt*. 4 
4b\ FW>tt I ,tf-t:n<Dmm<Df-}-%m.t 

v« ©*««»$***, Kw>«»tii^atn«i:» 

lIB&ttC-O * * * y X L e 43 J; tf[HS&£{*©}gtfi R c 

(f7F->3- 

F) ©*3fc KUMISS I. #**<fc5fc, FW 
y lift I o©fil3±!3 £jBi!I]S§£{*©f yfPtVT, 
Lrte«fctflsISS^©fitr[RtT*lilfj*S5©T% 50 
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* fctfttf-vrt/ F E T Q A © F y- V-TWtS. V 

■ ©*7^b*&#y:t^^iirf *K©£5Ta<9« 
E#tt*, ftwi 0 2*w«^ s^tM Giurn 



ft) ©if£> ftft 1 0 2^g}nl KQ©*£fcOl^T* 
[0 0 4 6] 9tt\ H6©fttl 0 2©gjr[tf 1 KG© 

ttcFW^-y-xBtEVi ©^{fcico^T, $ 
©J:?{c#g|T'£*„ of 0, c©$l;£T-ffl^/c*-v 

/I/FETQA (B48I© THAF 2 00 1J ) ©ftftfC 
£»K KUf >*8lf I» = 1 2mAt43^T, X©^- 
h-V-7ra«EVTo tt, etfLtlMBlEl. 6 V 
KltJfSns. *lyT\ igfjIUSSl 1 IK***- 

f e tq A©n©y- f c\©^*fc«iaisn*ft^, 

C © t Sff < h - V-*BME V T« « tt±ff 

LTffoTLSStf, FP-ry-y-XF^lEVK A<fi 
TLX, *©y-h-KU'l'y|H©8MCa***T£ 

^*©t% K©y-F-y-xF^«EVTcs fcjt-r** 

xpiiiev k t±x©y-h-y-xH«EVT K tit 
fc«?5^«ffi±ff*4i;«*a:i/^it©si*aa« 
^ n©y-h-v-7HiiavTH 6vkh 

}|^n*o Oft), 1t-7;VFETQA^^tCl 

EVTo J: 5 S K U-f >-V-X0iE V 

[0 0 4 7] tit*,, FU-fy-V-^HlEV- ©H3 
©ft^fijn= 1 KQ©P$©ftS8fr5>©l£AVDs GAPt 
LT> Qb = A Vds GAPx C» ft<DWMZM<D7- F- 

y-xia«EVT 0 *»65i* sntf, n©y-F-y- 

XPMEVTcs (i 1 . 6 VK4*Cfc%ati!frSo SI9 
Ttitf, *©y- F-y-XF^«EVTcs tt 1 . 6 

[0 0 4 8] 
[ftl] 

(C t S +CCD ) (1 ) 

y«!5^iID©]i^±»)^3E^i-^^i^clRn^L. l/c*^ 
oTX©y-F-y-zia*EVT B ©ft«feiRnA,-r 

[0049] *R«©a2©3tM©)etticft««aaub 

ijIBrS^f 7.4y?v9 ■r^-l'7.©82©^®ft 
*^ (FET) QBt±f/W7 (±FET) QM©f- 
t*^*W©tk*l : 1 OOOtLT^L/yFS^-il 

u) =100 ox (jg 2 ©*»{**?© Hu^ymss 
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I o B) tts.Z„> LfctfoT, tf-vyl/F ETQA©F 
V<<ymktLX\to =5A, F E T Q B (0 K b-f >H 

•tf- F E T Q A *5 J; F E T Q B (DZft? tVD F U 
'O-V-T.^lEVns i:I©y- F-y-XP^SEV 
To tt-^t?)o ap-£, Vos» =Voa . VT«» = VT t sB 
t%Z>o CCT\ Vd» , V dsd H^tl^tl'V—Tll? E 
TQA, FETQBiDKWy-y-^SET'feD, 
VTca , VTcs. «^n^n^-v;l/F ETQA, FET 
QB©X©y-h-y-XPItET-&3, 10 

[0 0 5 0] LfctfoT, F ETQBtfT^t^-ytffi 
tCl&LT^Stm 35 1 ©S^&fixR r 1 ©MffifC 
ISt£«^JMVBtfftta£ft5fre>, -9— v;l/FETQ 
AlcmtZ 5 AOt^(Cl|<illi% F E TQ BtD&ffit L 
T> 35 1 ©iPtSMR r 1 (DffiSxfila, R r 1 = 1 2 V 
/5mA=l. 4 KQiLTft£2ft3o 

[0 0 51] #(C, 3®P^USilSlEtfc^l,*^©^ 

• T'Uz<DW)mco^Tmmt%o +>-- v;uf e 

T (33 1 ©¥i»ftfS?) QAtf*yMl£S£-f£^ 20 

^gJILTS'5±*' i oTfT<o Sfc, ^-v/UFETQ 
A©Moy*-F-y-7,POTEVT cu tt, h'L-fylS 
U TftSSfifclRO, KWy-y-XP51EV,« 

©(gTtcj^ayrymtCcD 

fc, FET (3f2 0¥j?ftil?) QBOHoy-h-y 
-X^«EVT«! K U"< y«Mt I ow =5mA (K 
H'ylljJftlDB = 5AfctlS) STtt. K<Dy-h- 
y-XFaiEVTcs. =VT'.sa TmuLT'ft<1)\ 30 
*7^»cai/ftW»fiFU'r>^8KU =5mA-t 

-F-y-XP^fflEVTc S » fc-^fc&D, SuH© TH 
AF 2 0 0 1J cDi^-a-ii, $2. 7V-£tC^:^ 0 

[0 0 5 2] tlty "9— v;l/FET (35 1 
?) QAcDSoy-F-y-^HtiEVTcs* 14, FW 
VtftI* ©ittafcJSCT** <fc^T'{7<©T, I 
©y-h-y-XP^lEaVTB! <VTca £&.5o £ 
/c, Vosa =VT B « +VTo, V«i = VT« +VT C dOM 

6, V« -V,« =VT« -VTta tfti> 0 40 
:CT, Xoy-h-V-^H«E©SVT« -VTcs. 
fi. FW>IIU -5A**t>t^&, FH'y 
-V-XlHMEOgV* -V« Soffit* Ctfci 
9, Fl"OS)5?t W -SAfcfcSCfctfTtSo 

[0 0 5 3] FET 0R2O¥«{ttk?) QBOKUl' 
>-V-XH*EVm tttt«SCMP lKH&A*)* 
ft, tf-v;|/F ETQAOFUl'y-y-T.PIlEV 
w « R 1 t fiS R 2 T'#E LfcffiiWtKffi CMP He 

^©fctftfcf, 50 
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V. =Vds» XR 1/ (R 1 +R 2) (2) 

tfJtKSCMP 1 © "+" ATjflS^fcxti^nsctfc 

u, (2) stiujtKscMP i© ■•+•■ Xfimn 

«ffiV.tfR£Sft6©-e, FET QBCKWV-V 
-ZIMEVm >V-T'S5o LfrU •9'-v;UFET 

QAOFU'i'^afu mm^mtix (2) a 

KJ:»>5A&ft5V.H;liiiDU O^KttFETQBO 
FU-f>-y-XlWIEV» «k&**<fc0, ceo 
B*» JtlttSCMP l©Hl*tt "H" "L" U 

-WcgftLT, +>--v;l,F ETQA£*7ttfS£5Ig 

[0 0 5 4] *J3, JttHSCMP 1 -P{±. y-T^-FD 

;UFE TQAtf*7«$fcafc bfcfcf> M(°]gg 1 l 
1 £ F 7 V^X* Q 6 tcj; 0 y- h«ffiU»l&2 

n, y-r*-FD i©*y-FflHffitt» Vns. -o. 

7V (yxt-y-f#-FZDl©li£|Rr«E) (C^:?, 

o-p, y^*-FD l^its. co^m, ssir i 

^g^R 5->y^^- FD l OfflSTMBtaWSn, it® 
g§CMPl©"+" A«?©«ffiV.ti, BftllKl 
1 l^yWLTi/^^tctOfgT-T^o UftA^o 

y-y-XP^«E©MViB» -Vosa £T*+)--v;UF ET 

•ttv.tfeT-rscfcfcJD, jt«scMPi©a* 

a "L" U^^/nS "H" U^l/taffcT4. fi£oT, 
^-v;UF E T Q AttBtf^yttlR 

[0 0 5 5] 9— v;VFETQA*^7mi»Cl^tl> 

ts«FU"f y-y-7.H«Ev B v^Vds^h 

[0 0 5 6] 

Vo»,h -Vdsa =R2/R1XV.sd (3) 

3Mn%mmcmmnmmmt (3) 

[0 0 5 7] ^C, 5SIM»ttfinK(C43(t«tt^lCO^ 
TlStmtZo E«^iE«4*«ST, +l--v;l/F ETQA 
A^yttlRfCjie-r**:, ^-^l/FETQAttlttW 

fc*>tttt**t8*4cfcfcfc5. c©fc*. «©y- 

h-V-XM«EVT» . VTcsd ^tfy^^7«Etca 
L/c^tt, "9— v;l/FETQA, FETQB. FETQ 
C t*> SmM&Wttmt*. BiLM(0 TH A F 2 

00 i j <ot$$, *yfifii{iFbi'y-y-xHSEv 

os = 1 0V©i:t, Rww =30mQT*5©T% % 

[0 0 5 8] 
[SSJ2] 



(11) 



19 



Vbb = 5 A x 3 0 [mQ] =0 
V«» =U. x 3 0 [mQ] 
Vd» -Vdu =30 [mQ] x (I 

$ its mmmx- f m ymk \ » ^innts t 
a (6) o«*^t<40, a«awsffl*a*«i:"9- 
-y;i/fet (mitomm?) QMt*7vmicM 

C©Ji£, eyf-*7jft*«*LT, ±12© 

So ^LT, B2fcifxLfc*>l'*-FD 1 tfflnR 5t 

CMP 1 © "+" Afl«?©«{av.jWST*S©T?, 
itKifCMP lOlB^tt "L" "H" L/^;l/ 

KtffcLT, tf-v;PF ETQAfcgtf 

fcfeftSo C?UT, tf- •7/^FETQA^i:i• 
>#88fc<fctf*7ttB^©l»*«^)iIL-l\ mmc 

^KfgfittUf (H5?fl^®«ttBOtf!l) , -9--v;PFE 
TQA«ai*WK*7«tt*||l$-rSJ:5KJ!):*. 
[0 0 5 9] 0 8 (a) &*89J4)£24)$ft®£flRlC 

Kz&mtitsmmw.mmttZM yi-y? • 20 

r/WXKW 08 (b) 14, 8(5*5 

Fu-rv-y-xiatEv. ^^n^n^-To a*, ® 
a^±js» (f-yF->3-h) ©*i£, ®{4ii«»^o 

if £, ©tt*££JS«©JI£T**5 0 ££3§*S (f7 F 
->h-F) tfR£LT^**fc (0*®) K«, ^-v 
;l/FET (3i l ©¥*fl*F) QAW7»6t> 

««t»Lft fc # k, f w vtos 1 • ^fittic»n 

+f-v/l/F ETQA©*>ttB*»ttl,T» tf- 
v/l/F E TQ A t ^MKSVrffl F E T 

mmmez, tit, h^mmmwmm^ 
mmm±LT^z>ii£ (0*<3» k«, imz? 

v/UF E TQ A<D*y/*7S]W*«*)iiL*fT 
■^T, KU-fy«» I tf-v;l/F 
ETQA^JS^W^H^ftffllCctoT, +)— v;bFET 
QA©aiSU6»r*a«>T^5, 
[0 0 6 0] *8H®g20^aMftlcffi««iKStt 

j^k, gi0^fl*?Q a ^2 

©g^ffiR r 2*86ftS«ffifcftttJ-f5i:i:fcJ:!)« 40 

g!4 0¥*ftS?Q 9 5 t LT^ftftHWTBfM-* J: 
SOWraSftfcpnpgB J TT'&3o COlSHr 
vtfffitiv ^t»«>« r*uyh5 7-@»j £$fi)cLT 
l^S. ^LT, it$§§CMP 4 0 1 H\ ^© "+" fc<fc 

fctKttMttrfc ( "H" U^/U) tftO, -SLftt^ 

fctt«i» ( "l" i^no tftsiaftw^fs. 

0Rlf, /-FN 1 ©*ffi*V-KN2©*ffi«fc?m < 
ftfttf, JtttEiB C M P 4 0 Hi " L " U^;U^ffit) t 50 
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(4) 

(5) 

* -5 [A] ) (6) 

So J±8t§CMP4 0 1©aj73tf "L" U'WfcftS 
fc, pnpSBJT (gf4©¥i|f**?) Q95©^- 
7t{utfTtf3©T% pnpSBJT (8 4 
?) Q9 5tt«fc»)*8it§l**t<-rSfilRjfc«:5o 1"5 
£%2<Dm&tiiR r 2©l^©tt{4KTAmt5© 
T\ 7-KN2©WffitfBf<45. BPS, /—FN 1 t 
/-FN2©«fitt^L<*5tT\ tt!$g§CMP4 

0 Hi "L" U^;l/*a*t«. c©<fc9tcLT, £l 
0¥»fl*?QA©32©±««©7-KN 1 CfcttS 
tt&fc, 830¥*f*#FQC©|l2©±*«©/-K 

7Hs]&tLTij{f£tf3cfctfnJfjgtftS 0 ft-^T, 
}i feTJEStftfiiSitilStf t ft So 

[0061] tfvmmwm) ±ib©j; a k, * 

C OlB*0--»*4tlliSRtfHiBttCO»IB*l8St 
Sk©T-£Si:g8?T^fTiifti\, COM^SS* 

e>*^ft5o 0 

[0 0 6 2] ^J^.tf^2©m©Jgffi(Cfc^T, 03K 
^*J: ?ft*>/*7@Bffl(S[|Hl88 3 0 4 £0 2Rtf0 

1 0©/-FN5 1, N5 2, N5 3(CS^LT, ^ 

1 ©*j»ft:^i: LT©-9"-v;l/F E 
TQA08tt*a»ai:fcffai*5. EPS, *-v;UF 
E T 06 1 <Dmm?) Q A©*>/*7«»H«W< 
Br£B*lcaLfci:*K, *y/^7[s]|S!«glHlSg (0 
3 0 4CJ:»)-9--t;1/F ETQA^^7*J 

[0 0 6 3] 03 KSt .tat, C©^y/^7le]^a 
g|HlS§3 0 4{i, 01 OfC^1"02©y-FN5 IKS 
HSnfcffiftR l 3 l , R l 3 2, 02©y-FN5 2 
K»«*tlfe3>r>*C I 3 1, 01 0©y-FN 5 
IK.tmttllHf'f*'- FD 1 3 2, FETQ131. 
iS!8itlBil:ffl^*-KD 1 3 1 *5<klfg*tR 1 3 3*« 
xTl^i>o 

[0 0 6 4] iiliSfiJilKA 1 ?, t-7/l/FET (£ 1 
©¥«««?) QA©y-h*ffijW3JH«fc "H" 
;UKftSgK3^ryU-C 1 3 1 (ififaR 1 3 1 t5<fctf 
JSWMffl^'l'^-FD 1 3 l^^LT^l^nSo F 
ETQ 1 3 1 ©y-Hffi{4SB4Lt^fflWTft©T 
*7tt»C**tf, 3>f>*C 1 3 1 ©JtlKffoT 
y-h«ffi^±fftSi: F E TQ 1 3 1 tt*y«IBKa 
^TSo FETQ 1 3 lJb^V^Kl^tSt, 01 
0K^LfciBg-t7tf 1 2 1 ©7/-FiJ©y-FN 5 

i^?i§Ttfe>ns©T\ igsttffi^iRiu^fftftoT 

iffl^SSrffi F E T Q S tf*>tftsK!$LT, 
FETQA^ilKTSo 
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[0 0 6 5] tfz. 02©/- FN 5 3, 7 1CH4t 

Tat mm&Bnm®n i oe^mtx, *-v*fe 

TQAOa«*ai65J:9lcLTt.J:K BPS, il^Sr 
4ffl»©*ftttt. -t-v;l/F ETQA©*y/*7frJ 
WfcJiDilLffoT, *--7;UFETQAOHJWW45E 

mmic^rmmmmm-em-Biiai, mm 
(D£o%i§£immisimm mmmmmm) 

1 0 6tC < fcoT+t--Y;UFETQA©)lK£)I#>S c }:a 
(ctnifJ:l\ 10 
[006 6104 lent X b K. jB$j8»i<E!@8 1 0 6 

14\ F E TQ2 2 1 , ?<i*-YD2 2 1 , gjftR 2 2 

1 ~R 2 2 Sfc^D'ayf y+l-C 2 2 1 £{f AT«$;* 
ttTl^So atlMWcAlK ^-^l/FETQAOy 
-HffiaVHUBWli: "H" WUdtZBUC3>Tvy 
C 2 2 1 (ijgffiR 2 2 1 fcJlMPIlLffl^V*- FD 

2 2 1 ^LTJtlSWo FETQ2 2 10y-h« 

r>^C2 2 \<0%mc$^T>f-\-%<SLft±.%t%t 
FETQ22 \\it*VfflNzW&t*, SftR 2 2 1 £ 20 
ftLT/-KN6 2KffiH-f3SS?TG W-y^FE 
TQAOXoy-h) #6J$itMH& (GND) fctSKtf 

awu «?tg (/-HN6 2) KwmznzmMtf 
*'>*5. c©^ racKUfyiaiiKjtLTfc 

F E T Q A ©ITjrBltfti* LTiMliSKtf^S 5 t t 
t&3 0 ftfe, jgffiR2 2 l*VhSlMi£iISB«»rfci# 
£6„ ffifiiR 2 2 3ttnyfy*C2 2 1 ©&S 

fifiiT'fc'K R 2 2 2ZR 2 2 3fcft5«J:5K:»£1N& 
©A<S$U\, 30 
[0 0 6 7] H5fcjjVr&A«ffiV*?|HlB3 0 3*/ 
-FN 5 2, 5 3, 7 1K»«LTfc&K £©£Att 
Sitvx^[51SS3 0 3(4, /-FN 7 1 CjglBSftfcF E 
TQ3 1 1, Q3 1 2, 7- FN 5 3 lC&^£n/c*V 
*-FD3 1 1, /-FN5 2fc»««nfcttfiiR3 1 
3, 3>fy^C3 1 lRtfJg#iR3 1 K R3 1 2* 

fcfcl^T, -9— v/UF ETQA^>«i^l^t?> 
fc, y-F-V-XHlEVca tf*V*-FD3 1 1 
feckO'ffifixR 3 1 2£ftLTF ETQ 3 1 2©y~Hc 40 

-f*-FD3 1 1 fe«fctffifitR 3 1 1 fcftLTFETQ 

3 1 lOy-hfCdtlftttlS. F ETQ 3 1 2©y-F 
«3yf^C3 1 1 £ftLT9--v;UFETQA©7 
-XSA (/-FN 5 2) K»tt«tlT*59, tf- vrt, 
F E T Q A * ytflKSg L fi 3 y r V C 3 
1 1 tf*jfflfPfc4fci&, F ETQ 3 1 2©y-F*ffi 
AH»t±^61*FETQ3 l 2tt*y««ca»Tt 

Ztz, FETQ3 l H4FETQ3 1 2ff*7# 
mKh^m^yWMchK), ny/^U-^CMP 1 © 50 
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+m (/—FN 7 1) fcfl8&Sft3#Ej£*-9--vA> 
F E TQAC07-7S A (/-FN 5 2) Kf3££-tt 
£o f-Ofcfc, 3>/*l/-*CMP 1 CDdtiT^ti "H" U 

ETQAtt*7ttJ«cl#L&^i:J:K:44. 
[0 0 6 8] B$IH©eiBfc:<J:tK 3yf>fC3 1 1(4 
fifcxR 3 1 2£/}-LT7ct£tlT^#, O^CttFET 
Q3 1 Zmy-Vmcm&t** cmcftoTFETQ 
3 1 1 A^7«ffitca^Lfc±IBvX7«iW7L 

3 1 3l4-9--T;VFETQAA^7^Cl^Lm 
n>T>VC 3 1 l *U-by FT*fcii>©SttfflariT'& 
5o R3 1 2SR3 1 3 fc£3<fc ; McfS£LTV7.i'Bf 

ftHKiR 3 1 2 x C 3 1 1 ©B$£ftTi*£;*ftS©-P, 

1 ^v-JittZ^Mmm^y^vVQ, 3 11© 

[0 0 6 9] *B9!©£2©gSffi©}effifc$s*iJKfift 
iMit&tttX^y^y? •rVM'X©^ 0 2£ 
fi£««©a«A^a+iS©ISAS«^ 

aw-is. *©^A*«E*m«j«iatt^ i o 2 ©as 

2 0msecT*&-5> o C ©^ASiffiAWlSJBHfc, 312© 
*Sfi©^»-pKW L/c «fc o ftffl«S5IM»*<ff toti* fc , 
ftffi l 0 2#SE««ttlcS*S-pic»M*BUTUS 
t\ 71- h©j^tfSft5fc£©&?5g#©(S8tfS< 

£0 2 ©lacftjjirt 5ct(cd;oTi:©cfc9 'iF^S^ 

[0 0 7 0] *^(4cCT14IE«LTV> 

ttM*©IEHtC«S«W1tS»fllC<koT©*£ii>6n 
§t©T$^o 
[0 0 7 1] 

[fea^©5«!)S] W±IWBLfcJ:^»c, *JBHO*uyb 
55-@BK«ktifcf, Si ©^W<*^©S2©il1i 

^l<ut, asw^mssis^A^iiim^So 

[0 0 7 2] ffc, *IBll©*at-b>^CJ:ntf» si 
(D#»{**?o^2©±«1i©«{ai:, S2©¥««iK 

?©»2©±«a©«ffii:%»t<uT, aaw**u 

> F S v-0S8fc LT©fjftA' ! ^atii*5©T*ffi46TE 

[0073] t/c, *fm<ox'<y9-v9mwc*ti 
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[0 0 7 4] mc, *%W(DZj«;3-y7T>UZiC& 
3„ 10 

im 2 ] *m<o% 2 mmwmcmmmmm 
mutm* M 7 ^yf • t '^z<Dmm®-?& 

[13] mwm<Dmmmizmmmmmm%\ 

fflm * X ■< -y ? y f • r > U x ic ffl v % * y /* 7 ® 
[0 4] *^cDltffi©Hflf6CDff^{C^i)«?jSjii))S 20 

[05] mmco^mmmmm^mmmm 

[06] *^(D^20H5g^m^C^Stt)Sit«®)S)i 

<DYu^y-v-x?mE<DfLt>yti^m<Dmmmx' 

30 

[0 7] *^ol2<D*g|(D^i:j|§l^}il(jSl 

[08] 08 (a) *mm , %2<o%mmmz% 
zmmmmmmtz^vi-y'y • f/wxicti 

©litJS&$14£. 0 8 (b) fi, W^t^Kb-O-* 
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y-xH«E(7)iiiSic:^tt^^-r^0T'^§o 

[0 9] ^W^ftX-r-v^OIslSS^^T^^o 
[0 1 0] -tf-V/UF E TcDiUgS^0T-fe5o 

[0ii] m<o*> uyb$ y-ttmrnrn'm 
ioi mm 

10 2 ftffi 

i o 6 -mmmmm mmmmm) 

1 1 0 m&3-y7° 

1 1 1 mmm mmm 

3 0 1 iifllift&ffigp 
3 0 2 IjjftEnablegP 

3 o 3 %knmz?m m>tm) 

304 *y/*7mmm® mwmzm 

305 ^-v-^vygp 

3 06 m^v?®® 

C 1 3 1, C221, C311 
CMP1, CMP401 it®S§§ 
D1.D131.D132, D221.D311 94 
*-F 

QA, QF t-v;l/FET (fg 1 O^ftjR^) 
QB F ET ($2 

QC F ET (^3C0¥J»i*7.^7^) 
Q9 3 Si 

Q9 4 $2<0#W#lf 
Q9 5 pnplBJT 

Q 1 3 1, Q2 2 1 . Q3 1 1 , Q3 1 2 MOSFE 
T 

rg mmk 

R 1 . R2, R5, R 1 3 1 ~R 1 3 3, R221-R 
22 3, R 3 1 1 ~R 3 1 3. R331, R412, R 

4 1 3 jgfit 

r r i g? i (omm 

Rr2 mm (Mzoy&m&Q 

T 1, T2, T3. T 1 1~T 1 8 AttiMi? 
ZD1 Vj.1—94*-Y 





F*-i*(##) 5H420 BB12 CC02 DD02 EA14 EA39 

EB37 FF04 FF14 FF21 LL05 
LL07 

5J055 AX02 AX11 AX12 AX37 AX44 

AX47 BX16 CX28 DX08 DX09 

DX13 DX14 DX22 DX53 DX54 

DX73 DX83 EX04 EX11 EX23 

EY01 EY05 EYIO EY12 EY13 

EY17 EY21 EZ04 EZIO EZ31 

EZ55 EZ57 EZ61 FX04 FX06 

FX32 GXOl CX06 



